Interstitial water samples from Leg 129, Sites 800, 801, and 802 in the Pigafetta and Mariana basins (central western Pacific), have been analyzed for major elements, B, Li, Mn, Sr, and 87 Sr/ 86 Sr. At all sites waters show enrichment in Ca and Sr and are depleted in Mg, K, Na, SO 4 , B, alkalinity, and 87 Sr compared to seawater. These changes are related to alteration of basaltic material into secondary smectite and zeolite and recrystallization of biogenic carbonate. Water concentration depth profiles are characterized by breaks due to the presence of barriers to diffusion such as chert layers at Sites 800 and 801 and highly cemented volcanic ash at Site 802.
INTRODUCTION
The chemical and isotopic variations of interstitial waters extracted from deep-sea sediments from many Deep Sea Drilling Project-Ocean Drilling Program (DSDP-ODP) sites are the result of diffusive exchange between seawater and the basaltic upper crust undergoing alteration (e.g., McDuff and Gieskes, 1976) . The classical pattern observed is a mole-to-mole increase of Ca and depletion of Mg. Diagenetic reactions also generate chemical variations in the interstitial waters. Volcanic ash in the sediment is commonly altered and produces a chemical pattern similar to that of alteration of basaltic upper crust (e.g., Kastner and Gieskes, 1976) . The chemical depth profiles at a given site represent, therefore, the synthesis of three main processes: diffusion, diagenesis, and alteration of the basaltic crust. All are controlled by a set of more or less independent factors in the sediment: mineralogical composition, diffusive properties, chemical reactivities, sedimentation rate, porosity, permeability, and temperature.
In this paper we present the chemical and Sr isotope composition of interstitial waters sampled during Leg 129. The chemical transformations of the interstitial waters are interpreted on the basis of mineralogical, chemical, isotopic, and physical data from the sediments. Three sites (800, 801, and 802) were drilled in the Pigafetta and East Mariana basins in order to recover Jurassic sediment and oceanic crust (Fig. 1) . Site 801 reached Callovian-Bathonian sediments overlying alkali and tholeiitic basalts, which are a remnant of the Jurassic superocean that once covered two-thirds of the EarüYs surface. At all three sites there are thick Cretaceous volcaniclastic Larson, R. L., Lancelot, Y., et al., 1992. Proc. ODP, Sci. Results, 129 sequences which are overlain at Sites 800 and 801 by siliceous layers. At these sites the influence of diffusion is considerably reduced because of the presence of a high degree of cementation. These diffusion barriers allow us to examine closely the budgets of diagenetic reactions and the chemical behavior of smectite-rich sediments. At Site 802 concentrations of most elements reach extreme values similar to those observed at several recently drilled ODP sites in Miocene-Oligocene volcaniclastic sediments (Egeberg et al., 1990a (Egeberg et al., , 1990b Collot, Greene, Stokking, et al., 1992; Parson, Hawkins, Allan, et al, 1992; Blank, 1991) .
METHODS
Water samples were extracted by squeezing 5-to 10-cm-long whole-round core sections at room temperature in a titanium and stainless steel piston modified after Manheim and Say les (1974) . Shipboard analyses include pH, salinity, chlorinity, and alkalinity, and concentrations of calcium, magnesium, sulfate, potassium, strontium, silica, and manganese. Shipboard data and techniques are discussed in the Initial Reports (Lancelot, Larson, et al., 1990) . Concentrations of Na, Mg, K, and Li were measured by atomic absorption in absorption mode, and B, complexed with carminic acid, was measured by a colorimetric method. 87 Sr/ 86 Sr ratios and Sr content were measured on a six-collector 262 Finnegan-Mat mass spectrometer in static mode. Sr isotope analyses were done on interstitial water samples and rock samples. Rock samples were leached with 0.5N HC1 acid and rinsed with distilled water. After centrifugation, the acid leachate and first rinse were combined and dried. Part of the dried material was weighed and spiked (leachate), as was a part of the residual material (residue). Hence, rock analyses comprise analyses of (1) the leached residue (mostly silicates) and (2) the leachate where Sr is mainly released by carbonates but also by hydroxides and interstitial water salts. Chemical separation followed the technique described by Alibert et al. (1983) .
On the basis of chemical composition of the drilling mud and seawater and of the period of injection of the mud during drilling, no (Lancelot, Larson, et al., 1990) . Bathymetry in meters. Diagonal lines denote magnetic anomalies.
contamination by seawater and/or drilling fluids is evident (Lancelot, Larson, et al., 1990) . None of the observed chemical variations can be explained by the mixing of pore water with seawater or drilling fluids. Moreover, isotopic compositions of Sr and hydrogen (France-Lanord and Sheppard, this volume) show no evidence of seawater addition.
Major and trace elements analyses of solid sediment were done by ICP at CNRS-CRPG, Nancy, France (K. Govindaraju, analyst) after melting with Ce metaborate. Analyses were done on squeezed cake samples which reduce the contribution of interstitial water salts. This is especially important for Na concentrations.
SITE DESCRIPTIONS AND RESULTS
Analyses of interstitial water are given in Table 1 and shown as concentration vs. depth diagrams in Figures 2,3 ,4, and 5. Corresponding sediment lithologic descriptions and whole-rock X-ray diffraction (XRD) determinations are reported in Table 2 , and major and trace element analyses of solid sediments in Tables 3 and 4 , respectively.
Site 800-Pigafetta Basin
Site 800 is located at a water depth of 5686 m in the northern Pigafetta Basin near the Himu Seamount (Fig. 1) . The sediments range in age from Cenozoic to Berriasian. They have been divided into five units ( Fig. 2 Unit III (78-229 mbsf): Cenomanian to lower Albian gray chert and silicified limestones and nannofossil chalk at the base. Porosities are low (7 to 20 vol%) at the top.
Unit IV (229^50 mbsf): Aptian volcaniclastic turbidites in sequences of interbedded clay, claystones, silty clay, silty sandstone, and sandstones. They are composed of (1) redeposited volcanic ash, with sporadic biogenic carbonates in the upper part and (2) secondary smectites, zeolites, and calcite. Volcanic material is possibly derived from the nearby Himu Seamount (Fig. 1 ) whose age is 120 Ma (Smith et al., 1989) .
Unit V (450-498 mbsf): Hauterivian to Berriasian claystone and radiolarite.
The sediment sequence overlies massive dolerite sills. Eight samples were squeezed, one from Unit I and seven from Unit IV and below (Table 1) . Because of both the lithology and scarce recovery, no samples were taken in Units II and III. The major solute concentrations differ above and below the chert layers (Fig. 2) . Concentrations at 22 mbsf are similar to seawater values. Below, in Unit IV, Na, Mg, K, SO 4 , and alkalinity concentrations are strongly reduced. Cl is also depleted to about 95% of its value in seawater. The extent of the depletion is lower at 327 and 473 mbsf. The overall trend of Ca concentration is the opposite of the other major constituents.
The Sr concentration is 3.5 times higher than in seawater at 232 mbsf and remains at similar concentrations below. 87 Sr/ 86 Sr ratios are relatively constant in Units IV and V, between 0.70635 and 0.70661. These values are significantly lower than those of 115-to 135-Ma seawater (0.7072-0.7075; Koepnick et al., 1985) .
Site 801-Pigafetta Basin
Site 801 is situated within the "Jurassic magnetic quiet zone" in the central part of the Pigafetta Basin to the southeast of Site 800 ( Fig.  1) , at a water depth of 5674 m. The 462 m of sediments that were cored range in age from Cenozoic to Callovian and were divided into five units (Fig. 3) :
Unit I (0-64 mbsf): Tertiary to Campanian pelagic brown clay. Unit II (64-126 mbsf): Campanian to Turonian brown chert and porcellanite.
Unit III (126-318 mbsf): Cenomanian and Albian volcaniclastic turbidites with sporadic interlayers of pelagic clay, radiolarite, chert, and chalk. Turbidites are composed of volcanic ash and fragments (glass, feldspar, pyroxene, etc.) and secondary smectite, zeolite, and calcite.
Unit IV (318-443 mbsf): Valanginian to Oxfordian brown radiolarite with dark brown chert. Chert is abundant at the top and porosity is very low.
Unit V (443^462 mbsf): Callovian-Bathonian umber radiolarite and claystone. Metalliferous sediments consisting of pelagic clay, radiolarite, and hydrothermal hydroxide.
The basement consists of an upper alkali olivine basalt sequence (462-591 mbsf) and a lower tholeiitic pillow basalt sequence (462-591 mbsf). They are separated by a silicified hydrothermal deposit of hematite.
Seven interstitial water samples were squeezed, two from above chert Unit II and four below (Table 1) . No samples were taken in the chert layer (Unit II). Interstitial water composition (Fig. 3) are chemically similar to modern seawater in the brown clay of Unit I. Only Si and SO 4 are significantly higher at 36 mbsf. Below Unit II, interstitial water extracted from the volcaniclastic turbidites display a general depletion in Mg, K, and Na and an enrichment in Ca. The overall depletion in cations is balanced by alkalinity, and SO 4 decreases while Cl remains constant. In Unit V, these changes are less significant than in the volcaniclastic turbidites.
The B content is high at the top of the sequence (783 µmol at 23 mbsf) compared to seawater. Below the chert the concentrations are variable between 300 and 500 µmol. Si is high (427 µmol) at 175 mbsf, where opal is abundant, and remains constant below at 200 µmol. Sr is almost constant at 260 ± 20 µmol below Unit H The ^Sr/^Sr ratios are significantly lower than contemporaneous seawater in Unit in. In Unit V, the 87 Sr/ 86 Sr ratio of pore water at 454 mbsf is in the range of 160-Ma Jurassic seawater (0.7068-0.7073; Koepnick et al., 1990) . Notes: Most pH, Cl, SO 4 , alkalinity, Ca, Mg, K, Si, and Mn data are shipboard analyses (Lancelot, Larson, et al., 1990 
Site 802-East Mariana Basin
Site 802 is in the center of the East Mariana Basin, more than 300 km from any known seamounts or island arc (Fig. 1) . The water depth is 5674 m. The sediment sequence is 500 m thick and consists of redeposited material. It has been divided into nine units ( Fig. 4) :
Unit I (0-15 mbsf): Neogene brown clay. Subunits HA and IIB (15-254 mbsf): Miocene to Eocene tuff with indurated, well-preserved hyaloclastites and volcanic ash. Between 15 and 160 mbsf (Subunit IIA) the tuffs are well cemented. They are intercalated with a few layers of pelagic clay, and in the lower half they are mixed with chalk. Secondary minerals include smectites and zeolites and can range from 10% to 90% of the rock. Horizontal fractures of thaumasite (Ca 3 Si(OH) 6 CO 3 SO 4 , 12H 2 O), pure or mixed with zeolite, are common at the top. The mineralogy is fully described in Karpoff et al. (this volume) .
Unit III (254-330 mbsf): upper Paleocene nannofossil chalk, probably redeposited as a gravity flow.
Unit IV (330-348 mbsf): Maestrichtian zeolitic pelagic claystone. Unit V (348-460 mbsf): Campanian volcaniclastic turbidites with claystone, porcellanite, and debris flow.
Units VI to IX (460-509 mbsf): Cenomanian to upper Albian brown claystone, radiolarian limestone, and volcaniclastic turbidites.
The basement consists of remarkably fresh extrusive basalt. Interstitial water samples were squeezed from sediment cores at 16 depths between 26 and 500 mbsf ( Table 1 ). The depth profiles show a clear break between 26 and 83 mbsf, with extremely large increases in Ca, Cl, pH, and Sr, and a strong decrease in 87 Sr/ 86 Sr ratios, Mg, K, Na, SO 4 , alkalinity, B, and Li. Below, the compositions are generally constant (Figs. 4 and 5) . From 258 to 500 mbsf, the trend is a progressive decrease of salinity (about 39‰to 34%o) due to decreases in Ca and Cl contents. In this interval, Na and Mg contents increase slightly.
Pore Egeberg et al., 1990b) , Leg 134 (Sites 832 and 833; Collot, Greene, Stokking, et al., 1992) , and Leg 135 (Site 841; Parson, Hawkins, Allan, et al., 1992; Blanc et al., 1991) . The characteristics that these sites have in common with Unit II at Site 802 are the age, the fresh volcaniclastic compounds, and the high sedimentation rates. The main difference is the geodynamic context, which is forearc or intra-arc for Legs 126, 134, and 135.
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Cl SO 4 Alk Na Figure 2. Distribution with depth of chloride, sulfate, alkalinity, sodium, calcium, magnesium, potassium, silica, manganese, boron, lithium, strontium, and 7 Sr/ 8 in pore fluids of Site 800. The contemporaneous seawater curve for the Sr isotope ratio is drawn after Koepnick et al. (1985) . Lithologic legend in Figure 4 .
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DISCUSSION
At all sites the interstitial water depth profiles present the classical depletion in Mg, K, Na, SO 4 , and alkalinity, and enrichment in Ca. This variation with depth has been described at numerous DSDP-ODP sites. It results from the superimposed effects of (1) diffusion between upper crustal basalts undergoing alteration, and (2) in-situ reactions of volcanogenic sediment to clays and zeolites (e.g., Kastner and Gieskes, 1976; McDuff, 1981) . At these three sites, the 87 Sr/ 86 Sr ratios of interstitial water are always lower than those of contemporaneous seawater except for the topmost samples and the bottom one at Site 801 (Fig. 3) . Low 87 Sr/ 86 Sr ratios confirm the major role of basaltic alteration. In both cases reactions of basaltic material, which is altered to smectites and zeolites (phillipsite and clinoptilolite), are involved. These reactions release Ca and consume Mg, Na, and K from the interstitial water. Similar secondary mineralogy and chemical variation of pore waters are observed on experimental alteration of basalts at low temperature (e.g., Crovisier et al., 1987; Crovisier, 1989) . The interstitial water chemistry of each site provides evidence for specific processes involving alteration of basaltic matter either within the sediments or in the underlying basalts, and other diagenetic reactions.
We examine the Sr budget on the basis of two main processes: (1) volcanic Sr release during alteration, which tends to lower the Sr isotope ratio, and (2) dissolution/recrystallization of biogenic tests, which releases Sr with an isotopic ratio of seawater contemporaneous to that of the sediment. The volcanic contribution to the Sr budget can be estimated from Sr isotope ratios of contemporaneous seawater and volcanic material (Hawkesworth and Elderfield, 1978) :
The input of biogenic Sr can be estimated from the Sr content budget:
The biogenic contribution to Sr is, therefore,
/ , "^^interstitial ^'"seawater ' ^volcanic + ^biogenic
Site 800
Distinctive features of the concentration profiles from Site 800 are (1) the break in slope at the chert and porcellanite unit and (2) the low chlorinity of most samples from the volcaniclastic unit. The changes in gradients are certainly due to the presence of the chert, which reduces diffusional communication. The chert unit corresponds to logging Unit 1, characterized by 6-to 9-ohm-m resistivities, which are high compared with those of other formations (0.5 to 3 ohm-m in lithologic Units III and IV) (see "Downhole Measurements" section, "Site 800" chapter, Lancelot, Larson, et al., 1990) . Chert porosity is 10%-30%, whereas it is 30%-60% in the volcaniclastic sediments ("Physical Properties" section, "Site 800" chapter, 1990). Both high resistivity and low porosity imply a low diffusion constant in this unit. These results confirm the role of lithologic barriers to diffusion, which was already described for similar examples of chert over volcaniclastic units (DSDP Sites 315 and 317- ; DSDP Site 462- Gieskes and Johnson, 1981) .
Diagenesis or Diffusion from the Basaltic Crust?
Under the chert barrier the interstitial water concentrations result from the combined effect of diffusion from basaltic crust and in-situ diagenetic reactions. The existence of in-situ reactions is indicated by two observations:
1. Unit IV is composed mainly of fresh and altered volcaniclastic material, including glass, which is unstable (e.g., Gislason and Eugster, 1987 Hoffert et al., 1978) .
2. The concentration profiles are not straight, contrary to what is expected for nonreacting sediments. Concentrations of Na, SO 4 , Cl, and, to a lesser extent, Mg, and K are significantly less depleted at 232, 327, and, for some elements, 473 mbsf. The Ca and Sr contents are lower at 232 and 327 mbsf. This is correlated with mineralogical and chemical differences in the sediments. At 232 and 473 mbsf, quartz is more abundant, with SiO 2 at 64.7 and 81.2 weight percent (wt%), respectively, instead of 43 to 53 wt%, as in the rest of the sequence (Table 3 ). The observed mineralogy is not, however, completely consistent with the Na profiles. Interstitial waters below 327 mbsf are the most depleted in Na. If we correct the depletion for a possible effect of dilution by low-salinity water (see the following discussion), the decrease in Na is approximately 20 mmol/L with respect to seawater. Na loss is usually due to Na-zeolite formation; however, zeolites have not been detected by XRD analysis in these samples (Table 2) . Karpoff (this volume) reports a minor occurrence of clinoptilolite in the upper section of the unit. The observed chemical trends may correspond only to very minor changes in the mineralogy of the sediment (e.g., Egeberg et al., 1990a) . The observed depletion of Na could result from the neoformation of only 1 to 5 wt% of zeolite, depending on the exact stoichiometry of the reaction and the porosity. A small amount of zeolite could be difficult to observe by XRD. The Na profile may also be the result of diffusion from the basaltic crust, as pore waters from basaltic crust are depleted in Na (Mottl and Gieskes, 1990 ).
Sr Budget
For the samples of the volcaniclastic sediments of Site 800, / volcanic varies between 19 and 25 mol% for a volcanic ratio of 0.7035. Figure 6 shows that the Sr content is higher than can be predicted for a simple model of dissolution of basalt in seawater. The Cretaceous Sr content of seawater is not known (e.g., Holland, 1978) , which adds a major uncertainty to budget calculations. Assuming that the initial Sr content of the interstitial water was 85 µmol, / b i Ogenic should be around 50 mol% (i.e., 150 µmol is biogenic). This is a minimum estimate because the Sr uptake in secondary smectites is not included. The minimum amount of carbonate recrystallization can be calculated. Manheim and Say les (1974) estimate that biogenic carbonates lose about 1000 parts per million (ppm) Sr as a consequence of recrystallization. Therefore, in a sediment with 25 wt% interstitial water, the 150 µmol Sr of biogenic origin requires the recrystallization of 0.5 wt% calcite in the solid sediment. This is compatible with the CaCO 3 content in the sediment between 229 and 434 mbsf (0.5 to 10 wt%, Table 4 ; "Site 800" chapter, Lancelot, Larson, et al., 1990) . In the radiolarite of Unit V, the CaCO 3 content is less than 0.2 wt%; however, recrystallization of this small concentration could still produce a biogenic fraction of 50 mol% because of the low pore-water content (<5 wt%).
Chlorine Depletion
Four of the five samples from Unit IV are depleted in Cl by about 6% with respect to seawater. The chloride ion is conservative in marine sediments because there are no significant sinks or sources (e.g., Say les and Manheim, 1975) . Contamination by drilling mud being excluded, such a depletion is due to dilution by low-chlorinity water. Sources of fresh water are probably local because the depletion is not uniform in the Unit IV. Several sources may be proposed:
1. Dehydration related to diagenetic reactions such as organic matter degradation, smectite to illite reaction, gypsum to anhydrite conversion, or opal-A/opal-CT/quartz transitions. Based on the mineralogical composition of Unit IV, none of these reactions is likely to produce sufficient amounts of water in this context. Illite is not observed by XRD in this unit (Karpoff* this volume) and temperatures of Unit IV (10°-18°C; A. Fisher, pers, comm., 1991) Koepnick et al. (1985 Koepnick et al. ( , 1990 . Lithologic legend in Figure 4. this type of reaction (Dunoyer de Segonzac, 1970) . Opal-A/opal-CT/quartz transitions are unlikely because silica phases are rare in Unit IV (Karpoff, this volume); moreover, the levels where SiO 2 is abundant (232 and 473 mbsf) do not show significant Cl depletions.
2. Ion filtration processes could retain chloride ions in a clay-rich formation and produce low-chlorinity water (Hanshaw and Coplen, 1973) , which could percolate into the sampled area. This seems unlikely because no Cl-rich waters have been observed.
3. Interlayer water expulsion under burial compaction from smectite-type minerals (e.g., Burst, 1976; Bird, 1984) . This process is difficult to demonstrate, as there are no verifiable measurement of sorbed water. The effect of interlayer dewatering on pore water depends on the porosity and on the interlayer water content of the clay. For example, to generate the measured freshening (560 to 530 mmol Cl) it would be necessary to release 8.5 g H 2 O/kg of sediment for a pore-water content of 15 wt% and 20 g H 2 O/kg for a pore-water content of 35 wt%. The interlayer water content of smectite (/) is difficult to determine. According to Bird (1984) it is variable with confining pressure and temperature. In the conditions of Unit IV it can be estimated to be between 15 and 20 dry wt%. Figure 7 illustrates the relative loss of interlayer water necessary to freshen pore water by 6% as a function of the final pore-water content. This calculation is for sediment with 90 wt% smectite, and / has been fixed at 15 and 20 dry wt% (Bird, 1984; Newman, 1987, chapter 5, p. 257 ).
This process is strongly dependent on the porosity. Estimates of pore-water contents have been made for two smectite-rich samples on the basis of measurement of total water content (pore water+interlayer water + adsorbed water) (France-Lanord and Sheppard, this volume). The estimates of pore-water content are 42.7^40.4 wt% at 327 mbsf and 23.7-20.6 wt% at 364 mbsf, assuming values of i = 15 and 20% dry wt%, respectively, and 90 wt% of smectite in the sediment. A 6% chlorinity decrease would require a release of 7%-10% of the initial interlayer water at 364 mbsf and 18%-21% at 327 mbsf (Fig. 7) .
In this context, the dewatering of interlayer water of smectite is a likely source of fresh water. Small losses of interlayer water (5%-10%) may explain the decrease in Cl content of interstitial water in samples that are smectite-rich and have low porosity. At 327 mbsf the porosity is too high and no decrease of Cl concentration is observed. At 232 and 473 mbsf, where SiO 2 is more abundant (64.7 and 81.2 wt%, Table 3), the chlorinity reduction is only 4% and 1.5%, respectively. This process is not frequently observed in similar deep-sea sediments; it has been proposed for ODP Site 765 (Ludden, Gradstein, et al., 1990 ) and inferred as a deep source of fresh water in the Barbados accretionary complex (Tribble, 1990; Gieskes et al., 1990; Vrolijk et al., 1991) . At Site 800, the chert of Unit III prevents diffusion, which helps to maintain the differences in concentration. This, combined with a relatively low pore-water content (10-15 wt%) and high smectite content, is a factor in increasing the effect of the reaction.
Site 801
Diffusion Barriers and Alteration of the Jurassic Crust
Interstitial water depth profiles at Site 801 are far from simple diffusion profiles. Between 0 and 300 mbsf the chemical change is relatively similar to that at Site 800. A change in slope for nearly all chemical profiles occurs between Units I and III, which are separated by 60 m of chert-rich sediments. Low diffusion constants in the chert are indicated by the high sediment resistivities (2 to 10 ohm-m) and low porosities (8%-20%) (see "Physical Properties" and "Downhole Measurements" sections, "Site 800" chapter, Lancelot, Larson, et al., 1990) . Interstitial water in the volcaniclastic Unit III is depleted in Mg, K, SO 4 , alkalinity, B, and Li, and enriched in Ca and Sr. The 87 Sr/ 86 Sr ratios are also lowered compared with that of contemporaneous seawater. The volcanic contribution to Sr is estimated to be at 20 to 25 mol% (Fig. 6) . All of these compositions are typical of an alteration reaction of material of basaltic origin. 
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Figure 3 (continued).
From Units III to V, there is a reverse evolution of Ca, Mg, and alkalinity contents and the Sr isotope ratio. The waters in Unit V are less modified compared to seawater than those in Unit III. This change in gradients between Units III and V is important because, first, it implies that the interstitial water chemistry in volcaniclastic Unit III is mainly controlled by in-situ reactions rather than by diffusion from the basement. Second, the small effect of volcanic alteration on interstitial waters only 50 m above the basement suggests that the basaltic crust is not undergoing active low-temperature alteration. The petrographic and geochemical study of the underlying basalts (Alt et al., this volume) shows that significant alteration is limited to the alkali basalts and the upper 20 m of the tholeiitic basalts and is mainly related to low-temperature hydrothermal circulation. Below 540 mbsf the basalts are remarkably fresh. For instance, the H 2 O + content of the basalts never exceeds 1.5 wt%, and the δ 18 θ values of the whole-rock basalts are between 6‰and 8‰, little enriched in 18 O (e.g., Muelenbach, 1986 ). Based on a positive covariation between age and δ 18 θ of deep-sea basalts, Muelenbach (1980 Muelenbach ( , 1986 concluded that lowtemperature alteration is a continuous process and persists even after sediment deposition. This has been confirmed by the interstitial water chemistry in sediments (Lawrence and Gieskes, 1981) . At Site 801, the restricted diffusion through the sediments may partially explain the limited aging alteration of the basalts. In addition to the chert of Unit II, the radiolarite of Unit IV is a thick barrier for diffusion. Especially between 330 and 400 mbsf, relatively low porosities (2.5 to 10 vol%) and high resistivities ( 5 ohm-m) have been measured ("Site 801" chapter, Lancelot, Larson, et al., 1990) .
Diagenetic Reactions
Interstitial waters in Unit III are almost isolated by their position between the chert and the radiolarite; hence, their chemistry is principally controlled by diagenetic reactions. The chemical changes of major ions is broadly similar to what is observed in the Site 800 volcaniclastic sediments. The main differences are (1) the Na concentrations are constant indicating that Na is not incorporated in the secondary phases, and (2) the stability of Cl in Unit III except for a slight dip at 265 mbsf (543 mmol). The mineralogy of secondary minerals is also different from that of Unit IV of Site 800 (Table 2) . Here, zeolites are rare and celadonite is dominant with smectite. At 175 and 233 mbsf, celadonite and/or opal are dominant (Tables 2 and  3) ; hence, interlayer water release cannot have a reduced salinity. It is only at 265 mbsf, where smectite is dominant, that a slight freshening of pore water is observed.
In Unit III the volcanic Sr represents 20 to 25 mol% of the total Sr and the Sr budget implies a biogenic carbonate contribution (Fig.  6 ). The CaCO 3 content of the sediment is 4-8 wt%, which is much higher than required by the preceding carbonate recrystallization model. In Unit V the volcanic Sr contribution is negligible, -3.5 to 4 mol% depending on the Sr isotope ratio of the contemporaneous seawater. The absence of volcanic contribution is consistent with the absence of volcanic detritus in the sediment, the red clay being of authigenic origin (Karpoff, this volume). Assuming a Sr concentration of 85 µmol for Jurassic seawater, the Sr concentration implies a Sr input of 200 µmol/L. The CaCO 3 content of the sediment (<0.2 wt%) is too low to account for Sr input by carbonate recrystallization. Sr may be released by dissolution of radiolarite tests, such as Acantharia, which contain Sr (Odum, 1951 ). An alternative is that Sr is released from authigenic smectite during diagenetic modifications with increasing burial and age 1982) .
Site 802
The concentration gradients in the first hundred meters of Hole 802A are among the highest ever recorded in a DSDP-ODP hole. 
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IV F igure 4. Distribution with depth of chloride, sulfate, alkalinity, sodium, calcium, magnesium, potassium, pH, silica, manganese, boron, and lithium in pore fluids at Site 802.
of gas hydrates. The parallel evolution of the other ions, the Sr isotope ratios, the volcanic nature of the primary material, and the secondary paragenesis rich in smectites and zeolites clearly indicate that alteration of volcanic ash into secondary hydrous minerals is the process that enhances the Cl content by water uptake. Analogously high Cl and Ca concentrations recently found at Sites 792 and 793 has been attributed to alteration reactions in the volcaniclastic sediments (Egeberg et al., 1990a) .
Concentrations reach high and low extremes at 80-100 mbsf and reversed evolution are observed below this level, just below the Miocene tuffs. This implies that significant diagenetic reactions are only active in the tuff between 50 and 100 mbsf. Below the tuff, most concentration profiles are constant and similar to what is observed in volcaniclastic units at Sites 800 and 801. The fact that the 87 Sr/ 86 Sr ratios of the interstitial waters and the leachate fraction (mainly carbonates) in volcaniclastic Unit V are similar, and that the values are lower than that of contemporaneous seawater (Fig. 5) , imply an equilibrium of carbonates with altered pore waters.
Closed System Evolution?
In the 40 to 80 mbsf interval, the concentration gradients are extremely high, up to 2.3 mmol/m for Ca and Cl (Fig. 4) . The existence of high gradients in 10-to 15-m.y.-old sediments implies either (1) that reactions are going on rapidly now (but there is no reason why alteration should have started only recently) or (2) that the tuffs rapidly become a "closed system" because of the high accumulation rate and high cementation of the sediments, which limit diffusive transport. Overall sedimentation rates in the Miocene tuffs are at least 25 m/m.y. ("Site 802" chapter, Lancelot, Larson, et al., 1990) which is not especially high. However, the type of deposit, mass flows intercalated by pelagic intervals , suggests that accumulation rates were higher between pelagic deposition periods. No downhole measurements are available for evaluating diffusion properties in the upper 100 mbsf. Nevertheless, between 100 and 140 mbsf resistivities are highly variable between 2 and 200 ohm-m at 121-124 mbsf ("Site 802" chapter, Lancelot, Larson, et al., 1990) . These high resistivity levels correspond to intervals of coarse sandy tuff well cemented by silicates. At the same level, sonic velocities reach 4 km/s. This is much higher than the mean for all sandstone and tuff samples collected during Leg 129 (2.5 to 2.8 km/s; Fisher et al., this volume) and also indicates a high degree of cementation. Intervals with a low diffusion constant are therefore likely in the upper part of the unit because a similar lithology is present.
Alteration Budget
Following Egeberg et al. (1990a) it is possible to estimate the degree of alteration of the sediment from the Cl increase, assuming that Cl is not incorporated in the minerals and that the system is closed. Such a crude estimate depends on (1) the water content of the secondary phases (assumed to be between 20 and 26 wt% for a mixture of smectite and zeolites) and (2) the initial porosity. This last parameter is related to the degree of alteration and to the final porosity. The shipboard measurements of the sediment water content between 25 and 235 mbsf is 22 to 59 wt% (average = 32 wt%). These data overestimate the real interstitial water content because all or part of the interlayer water of smectites and the channel water of zeolites is included in the measure. If smectites and zeolites represent about 20 wt% of the solids, the overestimate may reach 5 wt% of the sediment. A reasonable value for average interstitial water content is, therefore, 28 wt% and the upper limit is 40 wt%. Figure 8 shows the relation between the degree of alteration and the Cl content of the interstitial water for interstitial water contents at 25 and 40 wt% and water contents in the secondary minerals of 20 and 26 wt%. Taking into account the large uncertainties, an increase of 85 mmol of the Cl content could be achieved by the alteration of 20 to 50 wt% of the solids, with the most plausible values at about 20 wt%. This is consistent with the shipboard core descriptions, which estimate the proportion of smectite, zeolite, and calcite at 20% of the tuffs. This estimate represents the average alteration of Unit II, but at a specific level secondary minerals may represent anywhere from 5% to 95% of the sediment. For instance, at 83 mbsf only magnetite is visible by XRD determination and basaltic glass is certainly higher than 80% ( Table 2 ). The consistency of the calculated degree of alteration and the observed proportion of altered minerals supports the hypothesis that Unit II behaves like a nearly closed system and that the water/rock ratio remains very low. The conditions for such a sedimentary system are high accumulation rates and low diffusion properties.
The upper part of Unit II (<HO mbsf) is depleted in Sr compared with the curve for basalt dissolution (Fig. 6 ). This may be due to lower concentration of Sr in Miocene seawater and/or of the 87 Sr/ 86 Sr ratio of volcanic matter. For a system with considerable volcanic contribution, the 87 Sr/ 86 Sr ratio of volcanic matter is very important. In the absence of direct measurement of the source, it has been fixed at 0.7035. This is already a little lower than the value of 0.7038 measured for the silicate fraction of Sample 129-802A-10R-2, 140-150 cm (83 mbsf), where fresh basaltic glass is dominant. Therefore, if the initial Sr concentration was similar to that of modern seawater, the low Sr content at 83 and 109 mbsf implies that Sr is incorporated in secondary phases. The phases that take up Sr in the unit are probably smectite and carbonate. At 109 mbsf the whole-rock Sr concentration is very high (1484 ppm); however, the phase(s) that contains Sr has not been identified. Below 110 mbsf, the volcanic contribution starts to decrease and the Sr content continues to increase (Fig. 6) . This is consistent with the progressive increase of the CaCO 3 content of the sediment with depth in Subunit IIB and Unit III (Fig. 5) . Nevertheless, even at 286 mbsf in almost pure chalk, the interstitial water is still depleted in 87 Sr compared with the marine composition of the carbonates.
In systems of slowly accumulating sediments, Ca is removed from the sediment and Mg is continuously added from seawater as an effect of diffusional exchange (e.g., Perry et al., 1976) . For the same reason, H 2 O uptake in hydrous minerals is not visible and the Cl content of the fluid does not change significantly. The low water/rock ratio estimated for the alteration of the tuffs implies some chemical and mineralogical consequences for the evolution of the system. The pH value increases with depth (7.8 to 9.0), similar to those described in basalt dissolution experiment at 0°C are also observed (Crovisier, 1989) . The alteration of about 20 wt% of the initial basaltic glass should deliver 2000 to 4000 mmol of Ca to the interstitial fluid. Calcium is reprecipitated in situ in phillipsite, clinoptilolite, and calcite (Karpoff et al., this volume) , but the average Ca content of the sediment is 7 wt% (on dry total), which implies a significant extraction of calcium if the initial glass concentration was 10-12 wt%. Part of this loss corresponds to Ca incorporated in fracture fillings, which are abundant between 50 and 150 mbsf and contain mainly a strange Ca-rich mineral named thaumasite (Karpoff et al., this volume) . Thaumasite is also demonstrated to be the dominant sink for SO 4 on the basis of δ 34 S of interstitial water (Alt and Burdett, this volume). Another consequence of the low water/rock ratio should be low Mg enrichment. Mg/Al molar ratios are between 0.9 and 1.1 in the 83-179 mbsf interval (pelagic clay excepted) compared with 0.94 to 1.9 in the volcaniclastic sediments of Sites 800 and 801.
CONCLUSIONS
Studies of the chemistry and Sr isotope composition of interstitial water at Sites 800, 801, and 802 have revealed patterns related to the alteration of volcanic matter under conditions in which diffusive exchange with seawater is low. At Sites 800 and 801 and in volcaniclastic turbidites at Site 802 (Unit V), diagenetic reactions are limited and no Cl increase is observed. At Site 802, the alteration of the Miocene tuffs induces water uptake in secondary minerals and a subsequent Cl rise. The composition of the volcanic sediment is roughly similar at the three sites; however, Site 802 shows some distinctive characteristics: lower temperature, high cementation, probably high accumulation rates, and younger age (Miocene for Site 802 and middle to Late Cretaceous for the volcaniclastic turbidites at Sites 801,801, and 802). Both high accumulation rates and cementation favor a "closed system" alteration of the tuff since the deposition of the sediment. In contrast, at Sites 800 and 801, prior to the development of chert sequences that sealed the system, no low-diffusion layer are present, and a low accumulation rate favored the high water/rock ratio alteration of the volcaniclastic sediment. This suggests that the volcaniclastic material at Sites 800 and 801 becomes almost "inert" compared with the Miocene tuffs at Site 802.
The ages of the deposits are also an important factor in diffusion processes and it is possible that the gradients presently observed in the Miocene tuffs will be smoothed in 100 m.y., which is the age difference between the Miocene tuffs at Site 802 and the turbidites at Site 800. Tables  1, 4 , and 5 and Lancelot, Larson, et al. (1990) . The contemporaneous seawater curve for Sr isotope ratio is drawn after Koepnick et al. (1985) . Lithologic legend in Figure 4 . Open symbols on the CaCO 3 plot are for the solid residue of interstitial water samples. Notes: All analyses are in parts per million (ppm) except for CaCO 3 , which is in weight percentage (wt%). a Shipboard analyses (Lancelot, Larson, et al., 1990 ). Figure 7 . Estimate of interlayer-water dewatering for a 5.4% freshening of the pore water (560 -> 530 mmol Cl) as a function of the final pore-water content of the sediment and the final interlayer water content of the smectite in a 90% smectite sediment. Interlayer-water dewatering corresponds to (1 -/f ma i//j n i t iai) • 100-Points at 327 and 364 mbsf correspond to Samples 129-800A-37R-2, 0-10 cm, and 129-800A-41R-2, 0-10 cm, respectively, for which estimates of the pore-water content have been made from bulk water content measurements (France-Lanord and Sheppard, this volume). 
